Background: Although a large number of clinical trials on interventions demonstrating efficacy (or lack thereof) are conducted annually, much of this evidence is not accessible to scientists and clinicians. Objectives: We aimed to determine the publication rate of posttraumatic stress disorder (PTSD) trials that have been registered in clinical trial registries, and the factors associated with publication. Methods: Trials, completed on January 15, 2015, were identified via the US National Institutes of Health clinical trials registry, the European Union Clinical Trials Register and the WHO International Clinical Trials Registry Platform. A systematic search for publications (published by the end of March 2018) related to each of the registered trials were then performed. Results: Four hundred and thirty-eight of 1982 potentially eligible trials were included. Only 34% of interventional trials were registered prior to initiation, 9% were registered within 2 months of starting and 20% after trial completion. Of the 438 included trials, 72% had generated peer-reviewed publications, while an additional 7% had disseminated results in some other form (such as on the trial database), 26 months after trial completion. Randomisation of a trial was the only factor individually associated with publication, in logistic regression analysis (p < 0.001). Intervention type, university as sponsor and study registration prior to completion were factors that influenced the time to publication, using Cox regression (p < 0.001).
Background
Although over US$100 billion is invested in medical research, each year reports suggest that less than 50% of funded research is ever published in full [1] [2] [3] [4] [5] . There are a number of ethical arguments proposed for why the results of all studies, particularly those involving human volunteers, should be published or reported [6] [7] [8] [9] . Turner and colleagues (2013) note that these include the need to increase the returns on public investment (i.e. by the sharing of knowledge and practical advances), increase transparency, prevent research duplication (and wastage of time and resources), allow the public (including participants who have given of their time to the study) access to the research process and the results and inform patient and public decision-making (i.e. through sharing new knowledge and practical advances) [9] .
Publication in a peer-reviewed journal is an important form of research dissemination. It offers a record of a study's scientific contribution, provides evidence to clinicians to inform practice and supports policy makers in decision-making. The scientific community, however, has a poor track record of dissemination of clinical trial results [7, 10] . Poor publication rates may be attributed to a plethora of factors, with some authors struggling to publish data that may not meet the standards of journal editors and readers [7] . Publication bias, leading to lower publication rates for trials with negative or inconclusive results, and delayed publication times are other reasons why research is not published [11] [12] [13] .
In order to avoid the potential damage that can result from incomplete knowledge and ensure the integrity of research, many organisations have established trial registries as another means to share data. ClinicalTrials.gov was launched on February 29, 2000 , initially, with the main aim of establishing a registry of clinical trials investigating drugs for patients with serious or life-threatening diseases, regulated by the Food and Drug Administration (FDA). In 2004, the International Committee of Medical Journal Editors (ICMJE) released a statement that, as of July 2005, journals would require registration with a public trial registry, prior to enrolment, as a condition of publication [14] . In 2006, the World Health Organization (WHO) established standards and rules for the registration of studies in registries, and in 2007, launched the International Clinical Trials Registry Platform (ICTRP), which brings together data from all registries meeting their standards into a single searchable portal [15] . Researchers are currently required to register interventional trials while the registration of observational studies is optional [16] . The Declaration of Helsinki, since 2008, re-stipulates that research studies involving human subjects must be registered in a publicly accessible database before recruitment of the first subject and further states that researchers, authors, sponsors, editors and publishers all have ethical obligations with regard to the publication and dissemination of the results of their research [17] . Clinicaltrials.gov and the European Clinical Trials Database (EudraCT) have each included a section that permits investigators to submit their results, since 2008 and 2013, respectively.
Recent advances in reporting requirements include the Department of Health and Human Services (HHS) final rule, which clarifies and expands the requirements for reporting results information [18] . This was made publicly available on September 16, 2016 . The NIH, concurrently, issued a complementary policy under which all NIH-funded clinical trials are expected to submit registration and results' information, whether or not the trials are covered by the FDA Amendments Act requirements. This NIH Final Rule (42 CFR Part 11) came into effect on January 18, 2017, with compliance expected on April 18, 2017 [19] . Further, the American Psychological Association's (APA's) revised reporting standards for writing journal articles were released. This calls for registration of a study prior to its implementation and a summary of results on completion [20] .
We examined the publication of all registered and completed posttraumatic stress disorder (PTSD)-related intervention trials in the ICTRP and in two major trial registries (ClinicalTrials.gov and EudraCT), in order to determine the rate of and time to publication and factors associated with publication. In order to be as inclusive as possible, we included trials where individuals with PTSD were included or where any PTSD-related outcomes (e.g. diagnosis, severity, symptomatology) were assessed. PTSD is a highly comorbid disorder and many of the drug and psychological interventions investigated in trials have trans-diagnostic application and utility.
In this paper, we address the following questions: We hypothesised the following:
(i) Proportion of and time to publication of PTSD-related studies would be similar to other conditions/disciplines and that individual factors related to study quality and characteristics would influence publication rates and times (we did not have pre-specified hypotheses as to what these individual factors would be). (ii) Publication rates of studies with positive (statistically significant) outcomes would be higher than those with null (not statistically significant) outcomes.
Outcomes were as follows:
(i) Proportion of completed intervention trials that go on to be published. (ii) Length of time between study completion and publication. (iii)Factors that contributed to publication.
Methods
This was a cross-sectional overview of registered and subsequently published trials. Considering that this was an overview that entailed pooled analysis of secondary data, ethical approval was not sought. Two independent researchers (SS1 and LvdH) selected studies through each phase of selection. The responsible researchers agreed on the search terms to use and on study selection and exclusion criteria, as well as on data abstraction (selection of data items extracted from each contributing article) and data extraction. The search terms included all applicable synonyms for PTSD, were compiled in accordance with the instructions for each database and were tested prior to implementation. The exact search terms used were "PTSD OR posttraumatic stress disorder OR post-traumatic stress disorder OR posttraumatic stress disorder." In each of the registries and search platform, we searched all fields and placed no limits on the searches. Our search terms were broad as we aimed to identify all possible PTSD-related studies. Studies were identified via Clinicaltrials.gov (www.clinicaltrials.gov), EudraCT (https://www.clinicaltrialsregister.eu/) and ICTRP (http:// apps.who.int/trialsearch/Default.aspx). We extracted data on all studies and manually identified studies that were closed or completed. The ICTRP is a search platform containing trial registration data obtained from primary registries and partner registries internationally that meet the WHO clinical registry standards. We selected these three registries/platforms because they are the largest. 15, 2015 . Inclusion criteria were predefined. Any PTSD-related study, with original quantitative data, was included. Qualitative studies, reviews, case reports and letters to the editor were excluded (although we did not expect to find these other study types registered on the trial registries as they do not clearly fall within the purpose of trial registries, we did). After ongoing or terminated trials, duplicates and studies not related to PTSD were removed, and there were 438 records to review. (Terminated trials were excluded as they are less likely to publish results, and our main aim was to evaluate the publication of completed studies.) See Fig. 1 . We obtained independent peer review and approval of the search strategy and documentation by an information specialist who utilises the PRESS methodology.
Information of interest pertaining to each trial was systematically extracted from the databases by two researchers (SS1 and LvdH) and reconciled. This included the following: Five investigators then searched for peer-reviewed publications or any results disseminated for each individual study that was registered (LvdH and SS1 conducted the initial search and data extraction, which were verified by AS; IE and SW updated the results which were checked by SS1). For each registered trial, we searched via PubMed, Scopus, Google Scholar and Google using keywords listed (when available), trial titles, investigator names and trial registration codes to identify matching publications and/or results. Any report of a trial that had included results for PTSD as a primary or secondary outcome or as a covariate or had sampled individuals with PTSD was included. We considered a trial published if it appeared in a peer-reviewed journal (whether or not we could obtain the full article). We considered trial results disseminated if they appeared in a peer-reviewed journal, in a trial registry, in a report (e.g. media article, organisation website) or thesis. If publications were not found, investigators of these completed trials were e-mailed to ask for study-related publications and results (71 e-mail addresses were obtained via the registries and 96 via online searches; we were unable to obtain e-mail addresses for 27 investigators. Of the 167 investigators who were e-mailed, 70 responded). If the completion date of a trial was missing (5% of trials), we used the publication date as a proxy when this was available. This search was completed on March 21, 2018, which yielded a minimum of 26 months between trial completion (according to the completion date listed in the trial registries) and publication. We describe all studies in the results, but given the small number of observational studies listed and the fact that registration for these studies is voluntary (they are not required to be registered), we excluded them from further analysis.
Publications and trial data were independently reviewed by two investigators to determine whether (i) manuscripts or reported results were in fact related to the trial listed in the registry (as not all manuscripts/reports noted the trial registration number in the publication, it was not always clear, so a second reviewer double-checked this), (ii) PTSD-related findings were reported (e.g. some reports/ papers reported on other study findings, but omitted to report findings related to PTSD-PTSD might have been a secondary outcome in some of these), (iii) PTSD-related outcomes were the primary or secondary outcomes measured, both or other (e.g. a condition or covariate) and (iv) whether primary and secondary findings were positive (statistically significant, p < 0.05), null (no statistically significant finding, p ≥ 0.05) or mixed (both statistically significant and no statistically significant findings in primary and/or secondary outcomes). Where results were reported in both a publication and another disseminated source and these differed, the publication results were used.
Statistical analysis
We present descriptive statistics for all studies split according to interventional and observational trials. As our main outcomes of interest were related to interventional trials, we examined univariate factors associated with the publication of interventional trials and entered significant variables into a logistic regression. The Kaplan-Meier method [21] was used to estimate the time between intervention trial completion and a paper related to that trial being published in a journal while the Breslow statistic [22] was used to determine significance. Significant covariates were then entered into a Cox Regression [23] to determine whether the time to publication was predicted by significant covariates. Analyses were conducted in SPSS, with two-tailed tests. p values of ≤ 0.05 were considered significant.
Results

Descriptive results of trials from the registry
All 438 trials were found on the ICTRP search platform, although 53 (12%) were not initially identified via ICTRP with the search terms used. Of these, 52 (12%) were identified in ClinicaTrials.gov only and 1 (0.2%) on EudraCT only. Furthermore, 322 (74%) trials were identified in both ICTRP and ClinicalTrials.gov, 2 (0.5%) in ICTRP and EudraCT and 61 (14%) in ICTRP only. In Table 1 ]. According to the data downloaded from the trial registries, PTSD was the primary condition in 91% of studies, main outcomes were PTSD related in 69% of trials, and secondary outcomes were PTSD related in 34% of trials. Around two thirds (66%) of studies were conducted in North America, followed by Europe (15%), Asia (13%), Africa (2%), Australia (2%) and South America (1%). Only 4.2% of studies were registered in low-and middle-income countries (based on the Word Bank categories).
Blinding status varied significantly (p < 0.001) according to intervention type with drug trials more likely to be double-blind (73%) than open-label (19%). Psychological intervention trials were more likely to be openlabel (43%) followed by single-blind (37%), and combined drug and psychological intervention trials were more likely to be double-blind (60%) than single-blind (28%).
Pharmaceutical companies and other industry accounted for the smallest sponsorship contribution (8%). Industry/ pharmaceutical companies were more likely (p < 0.001) to be a sponsor of drug trials (79%), followed by sponsorship of trials of psychological interventions (17%) and combined psychological and drug interventions (3%). Universities were more likely (p = 0.001) to be sponsors of psychological intervention trials (74%), followed by drug (19%) and combined psychological and drug trials (6%). Hospitals were more likely (p = 0.024) to be a sponsor of psychological intervention trials (56%), followed by drug trials (24%), trials of procedures/devices (12%) and combined psychological and drug intervention trials (8%). Governmental organisations were also more likely (p = 0.034) to sponsor psychological intervention trials (71%), followed by drug (17%), combined drug and psychological intervention trials (7%) and studies of procedures/devices (5%). There was no significant relationship between noncommercial sponsorship and the type of intervention.
Entries into the database were changed over time, with evidence that information entered was updated or changed at least once in 82% of the studies. Registration rates increased after registration was made a requirement by the ICJME-37% of trials were registered prior to initiation in 2006 or later versus 20% in the preceding years (p = 0.04).
Published and disseminated result outcomes
Of the trials that were registered, 317 (74%) yielded traceable peer-reviewed publications, while another 32 (8%) studies had disseminated results in some other form (e.g. on the trial registry, in a dissertation or published report) ( Table 2 ). Findings were obtained for 308 (81%) interventional trials. We were unable to obtain the remaining papers that had been disseminated, and thus, unable to extract the results.
Factors associated with publication of interventional trials
Whether a trial was randomised (p = 0.002), the type of intervention studied (p = 0.010), whether a pharmaceutical company/industry was involved in sponsoring the trial (p = 0.005) and whether a contact email address was provided in the registry (p = 0.021), were factors that were significantly associated with a trial being published in a journal (Table 3 ). These factors were subsequently entered into a logistic regression.
The overall model was significant (χ 2 (6) = 22.26, p < 0.001), with a Nagelkerke R 2 of 0.085, and predicted 75% of publications correctly. The only variable that was individually associated with publication status was randomisation (p = 0.007). Having pharmaceutical/industry sponsorship (p = 0.073), provision of a contact email (p = 0.088) and intervention type were not significant (Table 4) .
Factors associated with time to publication of interventional trials
The Kaplan-Meier method [21] was used to estimate the time between trial completion and a trial-related paper being published (Table 5 ). The median time to journal publication was 27.0 months (95% CI 24.0; 30.0). Factors that influenced time to publication of interventional trials were whether a control condition was used (p = 0.021), whether the trial was randomised (p = 0.013), the intervention type (p = 0.004), whether a university was involved as a sponsor (p = 0.026), the number of treatment arms (p = 0.034) and whether the study was registered in a trial registry before it was completed (p = 0.040).
These significant factors were entered into a Cox regression (Table 6 ). The overall model was significant (χ 2 (9) = 32.69, p < 0.001) with a 2 log-likelihood of 2271. Variables influencing publication time were intervention type-drug-only studies took significantly longer to publish than any other intervention study type; university sponsorship was associated with faster publication time; and trials that were registered in a database before being completed were also associated with faster publication times. Randomisation, number of treatment arms and having a control group were no longer statistically significant.
Discussion
We conducted a review of trials related to PTSD in the ICTRP platform and two of the largest trial registry databases with a view to determining factors that might influence publication. Of the 380 registered interventional trials included, we found that at least 26 months after trial completion, the peer-reviewed journal publication rate was 74%. This increased to 82% when we included trials that had published results in some other form (e.g. in a trial registry or in a published report). This is better than or equivalent to the rate reported for other disease areas and is likely to further increase with time since trial completion. In one study on vaccine trials, the publication rate after 12 months was 12% and increased to 73% at 48 months post-study completion [24] . Another study of randomised clinical trials registered with ClinicalTrials.gov reported a publication rate of 71% at 60 months after study completion [25] . Time from the close of a study until publication was approximately 2 years and 3 months. This is in line with findings from other studies [26, 27] , but may be longer given that when the completion date of a trial was missing, we used the publication date as a proxy. It is concerning that even though registration prior to enrolment is required by the ICMJE, and has been included in the Declaration of Helsinki, only one third of interventional trials were registered prior to initiation, a further 9% within 2 months of starting and 20% after trial completion. Furthermore, despite the rate of registration prior to trial initiation having increased over time, the rate since 2006 is much lower than expected (over 60% were registered after trial initiation), when considering that the ICMJE instituted its requirement in 2005. A recent review of articles published in psychiatry journals which require prospective trial registration found that 34% were retrospectively registered and that only 33% of studies were correctly prospectively registered [28] . Another study found that only 54% of recently published antidepressant and cognitive behavioural therapy trials were registered and only 25% were properly registered [29] . Only 15% of RCTs published in clinical psychology journals were registered prospectively and even fewer (1%) were both prospectively and completely registered [30] . Similarly, the large number of trials with no documented difference in the number of participants planned for enrolment and the number actually enrolled is likely due to studies that were registered retrospectively. As clinical Results disseminated in any form, n (%) 349 (80) 313 (82) Results found on registry, n (%) 103 (24) 96 (25) Published in a journal, n (%) 317 (72) 281 (74) Obtained results for the trial, n (%) 343 (78) 308 (81) Are the results related to PTSD, n (%) 326 (95) 298 (97) PTSD diagnosis/symptoms as an outcome, n (%) Primary 170 (52) 160 (54) Secondary 57 (18) 51 (17) Both primary and secondary 58 (18) 55 (19) Other (e.g. covariate, condition studied) 40 (12) 31 (10) Primary outcome measure/s, n (%) Both primary and secondary 52 (19) 3 (11) Other (e.g. covariate or condition studied) 25 (9) 6 (21) Primary outcome measure/s, n (%) χ trial registries are used by researchers, clinicians and the public, it is important that they are accurate and up to date. Our findings also highlight the dearth of trials registered in low-and middle-income countries. Studies from these countries may be registered in trial databases not included in this review, but as the ICTRP only includes registries fulfilling their standards, these databases may not meet current requirements. Trial randomisation was the only factor associated with peer-reviewed publication, when other factors were accounted for. Although not all prior studies have found that more rigorous trial designs (i.e. randomisation) are associated with publication [13] , our results indicate that they could be. Although only six interventional trials had primary pharmaceutical/industry sponsorship and 29 had some industry involvement, these trials trended towards a lower likelihood of publication. Given that the industry provided sponsorship for 79% of drug-only trials, this finding suggests that sponsorship may influence publication with journals/industry setting stricter criteria for drug trials. Provision of a contact e-mail and intervention type was not significant when these other variables were accounted for. Whether results were positive or null was also not significantly associated with publication status. This finding, however, does need to be interpreted with caution as it is likely influenced by the number of unpublished trials for which we were unable to obtain any data.
With regard to the time to publication of interventional trials, trials of drug interventions alone were likely to be published later than those of drug and psychological interventions, psychological interventions alone and those assessing a procedure or device. Again, this may be because journals and/or authors have stricter publication requirements for drug trials. Nonetheless, this is concerning given the potentially serious and farreaching implications of a lack of up-to-date evidence on the provision of effective pharmacotherapies to inform treatment guidelines. Trials with a university involved as a sponsor were likely to be published sooner than those without. This may be due to universities providing funding to their own academics, who are often rewarded based on their publication outputs. Trials registered in a trial database before trial completion were also likely to be published sooner than those registered after completion. This may indicate that authors are likely to consider and prepare their data for publication prior to trial completion and that those who register their trials before trial closeout intend to publish their data. Trial randomisation was no longer statistically significant when these other factors were accounted for. Some of the authors we contacted provided reasons for not having published their work. These included results not worth publishing, small sample size, null findings and publication rejected by journals submitted to. Other reports have noted similar motivations for nonpublication. Publication bias and lower publication rates for studies with negative or inconclusive results include the high standards of journal editors and the desire for positive results [7, 9, 11] . It has, however, been pointed out that the bias towards positive findings may come from the authors themselves, rather than journal editors and reviewers. The strengths of this study are that it considered a large number of trials that encompassed a variety of research methodologies and were registered across a number of databases. To our knowledge, this is the first to do this in the field of psychiatry and PTSD. Despite our focus on PTSD-related trials, our results support the reports of publication bias in other fields [24, 29] . It is, however, important to recognise that there have been major developments in trial reporting regulations and guidelines in recent years (42 CFR Part 11, The Final Rule, APA's revised JARS guidelines). Thus, trials conducted prior to these may be unrepresentative of current registration and reporting practices. Nonetheless, our findings support these new registration and reporting requirements and indicate the need for mechanisms (i.e. policies to support registration and reporting with penalties for investigators who do not follow standards for clinical research [31] ) that ensure these regulations are adhered to, as we have demonstrated that since the ICMJE regulations many trials were still only registered after completion.
The following limitations should also be noted: (i) incorrect, inconsistent and incomplete information listed in the trial registries. For example, we found that information was not updated regularly, information in one section of the registry did not always align with others and trials that appeared on the list of "complete" studies were at times still listed as "active." This may also imply that we may have missed trials that were in fact completed, but were not updated as such on the system. This has been a drawback since the inception of the registries [32] . There may also be some misclassification of hospital and university sponsors. We based this on the name of the sponsor as entered in the trial registration database. In some instances, university hospitals may be the primary sponsor but the university may, in fact, be listed as the sponsor. We performed a post hoc analysis to assess whether the effect of university sponsorship on time to publication was independent of hospital sponsorship by adding hospital sponsorship to the model and university sponsorship remained significantly associated with time to publication, whereas hospital sponsorship was not; (ii) although we made every effort to locate published reports-peer-reviewed and other, we may not have traced all, as publications were not always linked to trial registration numbers and not all study contacts listed responded; (iii) we included various study types, not only intervention trials in our initial analyses. Given that only intervention trials are required to be listed on these registries, we opted to exclude the observational studies from further analysis. This, however, constituted only a small percentage of studies; (iv) similarly, there were only a small number of trials sponsored by industry, which warrants care in the interpretation of the related findings; (v) we attempted to retrieve publications after a minimum of 26 months postcompletion. It is possible that our publication rate would have increased had we used a longer post-completion timeframe; (vi) although the search strategies were the same across databases/search portals, not all the studies were identified in ICTRP. This may be related to differences in search algorithms; (vii) these results may not be generalizable to all trials. For example, previous studies suggest that the publication rate for registered trials is higher than for other trials [33] . Similarly, registered trials might differ from trials initially published as abstracts (e.g. Scherer et al., 2018) or trials identified through Internal Review Boards (e.g. Chan et al., 2004) [5, 34] . Furthermore, registered trials may differ systematically from unregistered trials, confounding interpretation of factors associated with journal publication. Drugs and devices, for instance, are FDA-regulated products and, as such, these trials are much more likely to be registered and also more likely to be reported in biomedical journals (which are often ICMJE members and have registration requirements). Trials of non-regulated products, on the other hand, are more likely to be reported in psychology and allied health journals (which are not ICMJE members and do not have registration requirements). This is illustrated by a study that reviewed the registration of clinical trials in clinical psychology journals, which found that most clinical trials in psychology journals (with the exception of registered trials in clinical psychology) were not registered [30] .
In sum, 74% of trials were published in peer-reviewed journals and a further 8% had published results in some other form 26 months after trial completion; publication time from trial completion was approximately 2 years and 3 months; despite ICMJE guidelines, a little over one third of interventional trials were registered prior to initiation; and few trials were registered in low-and middle-income countries. Randomised trials were more likely to be published and those with a contact e-mail and no pharmaceutical sponsorship were not significant when other variables were accounted for; null findings were not associated with publication status. Trials sponsored by a university and those registered in a trial database before trial completion were likely to be published sooner than those registered after completion, while drug-only trials took longer to publish.
Conclusion
By not sharing knowledge gained from these trials, researchers waste valuable research funds, slow down advancement in the field, put patients and study participants at risk of potentially ineffective or even harmful interventions and distort the evidence base [11, 13] . In order to safeguard research integrity, we therefore support the call to encourage and make mandatory other methods of data sharing, for example via prospective trial registration and reporting websites such as those that we examined. Furthermore, given that the utility of information on registries is dependent on the quality of the information entered by investigators, the large amount of inconsistent or missing information we found on the databases indicates that greater vigilance is required to improve the reliability and accuracy of reporting. Recent initiatives in trial reporting regulations are a step towards this.
